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TBM Summary

Cutterhead One of the most important goals in the design process of the TBMs is to
Lace design determine the proper positions of the peripheral cutters. Since the actual
Gage cutter penetration of the peripheral cutters in the tunnel face is lower, the normal

force applied by them to the tunnel face is also lower. To avoid ridge
formation between these cutters and to avoid asymmetric forces applied to the flanks of the cutters, it is necessary to
gradually reduce the cutter spacing in the peripheral area of the cutterhead. The design of the peripheral cutters’
parameters (spacing and tilt angle) is usually performed experimentally, and there is no theoretical background for this
subject in the literature. In this paper, an empirical model is introduced to determine the optimum configuration of the
peripheral cutters on the cutterhead profile. This model is developed based on the principles of the optimal excavation
using the optimal ratio of spacing to penetration rate as well as the information of design details of a number of hard
rock TBMs from around the world. The results of this model provide the optimum spacing of disc cutters and their
corresponding tilt angles and normal forces for the peripheral cutters.

Introduction

With the increasing development of the use of tunneling machines in the construction of various tunnels around the
world, the optimization of their design features has become very important. Among these, one of the most important
parameters of design and optimization of tunneling machines in hard rocks is the location of cutting tools in the
peripheral area of the cutterhead. This optimization can show its effect on the parameters such as machine performance
(advance rate) and prevent possible damage to the head structure or cutting tools. The principles of TBM design are
usually taken from the experiences of similar projects. In this regard, there are many unknowns that are not clearly
explained. In this paper, based on the use of the contact area and the indentation area of a cutter. and also, the optimal

ratio of spacing to the penetration rate, a new method is presented to optimize the location of the peripheral cutters.
This method is based on a trial and error process, so a set of primary numbers is needed to start the optimization
process. These numbers are obtained based on the experimental relationships obtained from the analysis of head design
parameters of a number of hard rock TBMs.

Methodology and Approaches
A database of indentation area and indentation area ratio when the influential parameters are varied is set up for a 17-
inch cutter. This database includes the parameters of tilt angle, penetration rate, indentation area, indentation area ratio,
and cutterhead curvature radius. The major methodologies used in this paper include simple and multiple regression
analysis using Minitab software.

Results and Conclusions

In this paper, the principles of peripheral cutters’ layout design for hard rock TBMs are described. In this regard, first,
using the design information of a number of hard rock TBMs, the parameters of the radius of curvature of the
peripheral area, and the angle between the last cutter of the face area and the first cutter of the peripheral area have
been experimentally estimated. Then, using the principles of optimal distance design for disc cutters and based on the
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optimal ratio of spacing to penetration rate, spacing, and normal forces in the peripheral area are estimated. The values
of the cutter indentation area and the actual contact area are calculated using graphical methods, and then, the ratio of
the indentation area is obtained. The values of the indentation area of the peripheral cutters have been calculated using
graphical methods and using statistical analysis. Finally, using an example, the principles of spacing, and normal force
estimation in the peripheral area are described in step by step manner. Due to the lack of a specific method for
designing the layout of the peripheral cutters, the proposed method can be a very useful way to optimize the design of
hard rock TBM.




